Since Medawar (1) in 1941 reported the separation of epidermis from the rest of the human skin by treatment with trypsin, similar techniques have become widely used for obtaining specimens of pure epidermis. Billingham et al. (2) used the same techniqne for the separation of mouse epidermis, and later Billingham and Reynolds (3) obtained sheets and suspensions of epidermal cells from the rabbit's ear by a modification of the same method.
Trypsin treatment and other similar methods usually cause a separation at the dermo-epidennal junction, leaving an intact epithelial layer and a dcrmal layer. This is the case when the method is applied to human, rat, rabbit or normal mouse skin. But the trypsin acts also upon the connection between the cells in the epidermis. It has therefore also been possible to obtain cell suspensions for tissue culture (4, 5, 6) .
Various other procedures to separate epidermis from dermis arc reviewed by Giovanella and Heidclbergcr (7) , and Rinaldini (3). Hambrick and Blank (9) reported that collagenase and protcase from Clostridium welchii were more effective than trypsin in separating the epidermis from human skin. Elastase has also been used with success (10).
Giovanella and Heidelberger (7) reported a technique by which it was possible to obtain suspensions of epidermal cells and thereafter to separate the basal cells from the differentiating cells. The purpose of the present paper is to describe a similar technique which is more simple, and which gives almost pure suspensions of basal and differentiating cells respectively. The oxygen consumption of these cell types can be measured in vitro. Our interest in * From The Institute for General and Experimental Pathology, University of Oslo, Rikshospitalet, Oslo 1.
The author wishes to thank Mrs. Aasa Schjöl-berg for valuable technical assistance. such a technique is to study in more detail the so-called tetrazolium test for carcinogenicity as reported by Iversen in 1963 (11) .
MATERIALS AND METHODS
Hairless mice of the strain hr/hr aged 3 to 4 months were used. The animals were killed by cervical dislocation, the skin carefully removed and the epidermis, along with a little of the dermis, removed mechanically with a Castroviejo electro-keratotome (12) . The cutting depth was set at 02 mm. To obtain constant size and thickness of the removed pieces, an arrangement similar to that described by Skjggestad (13) was used.
The skin was placed on an 8 mm wide rubber pillow resting on a cork plate that gave a steady support for the skin while the kcratotome was working. After having been cut with a pair of scissors to a size of 5 by 8 mm, the skin pieces were incubated for 35 minutes floating on the surface of a 025 per cent trypsin solution (BDH Lab. Chem.) in phosphate buffered saline. The pH was adjusted to 7.4 and the temperature kept constant at 370 C.
The skin pieces consisted of the whole epidermis and part of the upper dermis including the rudimentary hair follicles. After incubation the pieces were placed on a sheet of paper with the horny layer down. This layer, along with the differentiating cells, stuck to the paper, and the dermis with all the basal cells adhering to it could then easily be lifted off (Fig. 2) .
Suspensions of differentiating cells were obtained by shaking the remaining epidermis from the paper with a magnetic stirrer in phosphate buffered saline for 20 minutes at 40 C. The dermis with the basal cells was transferred to a Petri dish where the basal cells were scraped off with a spatula. The Petri dish contained 4 ml 0.75 per cent collagenase (form I cx Glostridium his tolyticum, Koch-Light Lab.) and 100 IU beparin in phosphate buffered saline (8 ml 0.15 Mol phosphate buffer, 0.9 per cent NaC1 added to 50 ml). The basal cells were incubated with the collagenase-heparin solution at 370 C for 15 minutes. The suspensions of basal or differentiating cells respectively were then filtered through a nylon filter with pore thickness 35 measured with an oxygraph (Beckman Expandomatic pH-meter with oxygen adaptor and oxygen electrode). Incubation was performed in a glass chamber surrounded by a circulating water bath at 37° C. The chamber was locked by a perspex disc to prevent diffusion of oxygen from the air into the medium. The medium was stirred continuously. Oxygraphic measurements were performed for up to 10 minutes, and calculations were based on a hnear fall of the oxygen tension. A sufficient amount of cells was obtained by using the entire surface of 4 mice.
Oxygen consumption of epidermal slices with the upper part of the dermis was measured with a Warburg apparatus (Braun) in Krebs-Ringer phosphate medium (14) . For dermis alone the same technique was used, but with phosphate buffered saline as medium.
Quoniitotion of the cells was obtained by measuring the dry weight. The cell suspensions and the additional medium used to wash the reaction bottles were spun down for 10 minutes at 3000 rpm, and the precipitate was smeared on previously weighed cover glasses. After drying for 24 hours at 80° C the glasses were carefully placed in distilled water for a minute to remove salt crystals. They wcrc then further dried for 24 hours at thc same temperature. The pieces of epidermis and the isolated dermis were also dried for 24 hours at 80° C.
EXPERIMENTS AND RESULTS
The method gave almost pure suspensions of basal and of differentiating cells as judged by cell smears and histological study of intact skin (Figs. 1, 2, 3, 4). In the basal cell suspension only a few per cent of keratinizing cells were seen. Many of the basal cells had a relatively dark, chromatin rich nucleus. The smears were prepared in the following way: The cells were after centrifugation suspended in one drop of serum, smeared out on slides, rapidly dried and fixed in ether-alcohol. If the smears were not dried, the cells would tend to shrink during fixation. The dried cells, however, would not take hematoxylin stain very well, and staining with May-Grflowald Giemsa in citric acidphosphate buffer, pH 5.8, was found to be more useful.t with the keratotome after epidermis with the uppermost part of the dermis had been removed. Isolated upper dermis was measured after all the epithelium had been removed by trypsinization and scraping. To get reliable results, dermis from the whole skin surface of the mouse had to be used. The results are shown in Table II . There is a considerably higher oxygen consumption of epidermis than of dermis.
Effect of try psin on oxygen uptake of intoct skin Skin pieces cut with the keratotome from each side of 6 mice were incubated for 35 minutes in 0.25 per cent trypsin at 37° C.
Oxygen consumption was thereafter measured for 5 hours and compared with a similar group of skin pieces without trypsin treatment. The results are shown in Figure 6 . No difference was found during the first two hours. For the next 3 hours the treated skin pieces had a slightly lower oxygen consumption than the normal controls.
DIsCUssION
The interfollicular epidermis of hairless mice has normally less than two cell layers, viz, one basal cell layer and a smaller number of differentiating cells. The effect of the described trypsin method seems primarily to be at the junction between the two cell types. This is probably not specific for hairless mice. Tsanev and Markov (15) Scraping the dermis resulted in the liberation of some connective tissue fibers which tended to trap the basal cells and to cause clumping of the suspension (Fig. 5 ). This was a major problem when large amounts of basal cells were required for oxygraphic measurements. But, if the cells were scraped directly into a medium containing collagenase and heparin, and incubated for 15 minutes, most of the collagen fibres were dissolved. A minor amount of connective tissue fibers tended to contaminate the solutions even after this treatment, but generally they did not cause any disturbance. Addition of Thirty-five minutes was therefore found to be the correct incubation time for our purpose.
Repeated cell counts from the same cell suspension showed wide variations and the reproducibility was often rather poor. The reason for this was probably that these cells, and especially the basal cells, were very adhesive. They therefore tended to stick to the glass and disturb the cell counts. Dry weight, on the other hand, seemed to be more reliable and accurate. This wns experienced when large amounts of cells and numerous washings of all the glasswarcs were used. Dry weight in addition had the advantage that the QO, could be calculated and compared directly with the oxygen consumption of whole epidermis. It is assumed that degenerated and dying cells with defective membranes were completely destroyed by the enzyme treatments (17) .
Removal of salts from the remaining suspension medium after centrifugation could not be performed before the cells were dried and thereby fixed to the cover glasses. The reason is that hypotonie solutions caused a greatly increased cell adhesion. Hence many cells would stick to the glass and pipettes during the procedures and get lost before weighing.
Trypsin seems primarily to dissolve the bridges between the epidermal cells. Northrop (17) found that while trypsin did no harm to intact cells, it resulted in rapid death and disintegration when injected into living Amoeba. The present experiments indicate that trypsin causes no profound alteration in the respiration of the hairless mouse skin. When the measurements were continued for more than two hours, however, a slight decrease in the rate of oxygen uptake was found (Fig. 6 ). This could be due to an exhaustion of endogenous substrate in the skin as the treated skin had been incubated in trypsin in advance while the normal controls were measured directly. Cruickshank and Cooper (18) by a minor amount of connective tissue fibers, although most of these had been removed by the eollagenase and the following filtration and eentrifugation.
No difference between the oxygen uptake of the basal and the differentiating cells was found. It is quite probable that these two cell types have the same respiratory activity despite their different function in vivo (19) . The process of differentiation, i. e. keratin production, must necessarily require energy, although the process ends with the nltimate death of the keratinized cells. The present results indicate that the respiratory activity is about the same for the two cell types. This is consistent with the fact that they are both originally derived from the same cells.
The low oxygen consumption fonnd in the upper dermis is compatible with the histological picture as mostly fibers and only a few nuclei are found (Fig. 2) . The higher value found for the lower dermis is probably due to admixture of epidermal cysts which are often present here and also to possible striated muscle fibres from the panniculus eornosus. to clearly distinguished layers which in hairless mice can be separated by the relatively simple procedure described above.
SUMMARY
A simple procedure for isolating separately basal and differentiating cells from hairless mouse epidermis is described. In these mice trypsin causes separation between the two cell layers in epidermis. This leaves all the basal cells adhering to the dermis. By gentle scraping these basal cells can be suspended into a medium containing collagenase which removes contaminating collagen fibres. The differentiating cells are easily suspended without using eollagenase treatment. Oxygen consumption of the two cell types was equal when measured by an oxygraphic technique (Q02 6.54 and 6.56 respectively). These values were comparable with results obtained for the whole epidermis with some dermis as measured by ordinary Warburg technique. The dermis alone had a low respiratory activity.
The significance of these findings is discussed.
It is suggested that this separation technique may serve as a valuable tool for the study of the relationship between growth and metabolic activity in the epidermis, both normally and during carcinogenesis.
